10 


-15 


-1- 

PATENT APPLICATION 


AUTOMATED DOMAIN REFLECTOMETRY TESTING SYSTEM 

CRpSS:REFERENCEIOML^^ 
T.S application Cai.s t.e benefit of t.e filing of U.S. Provisional Patent Application Serial No. 
eo/170.915. entitled "Automated TOR Measurement", filed on December 15, 1999. and of US. 
P.visionalPatentApplication serial No.e0.03,501.entit.ed.W.d.^^^^^^^^^ 
Automated Testing of Planar Transmission Line Structures", filed on May 1 1 . 2000. and t.e 
specifications thereof are incorporated herein by reference. 

BACKGROUNDOFTI^^ 
Field of the Inventionnecl^^ , . 

no. . — as pHo, a. vis^vis «,e present Inven... Discussion o, su* puPiioa«ons 
.e.in is ,ve„ .o,e co.p,e.a PacK.rouna an. is no. ,0 .e oons..ed as an admission ^a. such 
pubilcatons are prior art for patentebili.y de.ermina.ion purposes. 

Tnaco.p>e.i.o,e^ronicco.ponen., par«cu,a.y prinjd circ— , ,s s.a.i,, in^^^^^^^^^^ 

as is .e de.an. ,or eiec^nic component. Tnese ccponen. need .o be .es.eO .r .u>«, and ^. 
e,.enc,si,na,,ec.ni,ue;s.n%,do.ainre.c.o.a..p.videsa„exce,.n..ec.n..e.r.^^^^^^ 
, s„l.esn. Beca.seo,.neni.nv„iu^o,naeded.s«n.au.o.a.ed,o..cs,s«.sarepre.rr.,n 


order to attain a high throughput for any testing system. 
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U„^*na.e,,.ex,*g dentin re^c.on,s,^robo.ic.e*,s,s.e^su«ar,™.no,ss..roduced 
ce^ain sources o, i.pre.s.n in .he s,s.e.s .e.se,ves For example, aS. Pa»n. No, 5.94,90., 
„ ,„cas e. a,., discloses a ro^«c .es.n, s,s,e. «ng ^ probes 122,123 .ou„« on a single 
ro.o.c arm therein probe 1 23 is a*^ so.b«e *«nce be,»een.he probes is ad,.s.b,,_ 
Sucb a .ecbanlcal sys.. ^^cna .0 imprecision over .in., because o. vibra..n, ,empera.u. 
„„c.a..ns,a„dli.es«ceso,dis,o^n. Simila.,, European Pa.e„. App,ica«o„ EP 0 95, 844 A2 
.corresponding .0 U.S. Pa.n. No. e,051.97a, . Swa., discloses a .o-probe svs.em bu^bavin, a s,ngle 
probe on eacb 0,^,0 robo.ic an.s. Again, maintaining a predse desired distance be^,een .be .wo 
pSrsis«againres*gisu„„an.eddis.or«c„o,.be.es.ingresu«s. Because o, sucb 
imprecisions in exis«ng sys.ems, ma sbor.es. ^es ma.can be .es.ed accura.e„ are .bose .ba. are^. 
inches or longer. 

Tbe presan. in»en.^n grea,., reduces noise by using a *gie robofc arm .ba. employs *»in 
probes (Signal and ground, having a_non-adius.ab,e .xed distance Web, be.«aen tbem. Because 

0, a Plurality o,«xed-pitcb p^bes stored in a probe «p changer assemb,. Because this prevents 
inaccuracs induced b, changes in p«cb over .ime plaguing phor a. mechanical sys.ems, the presen 
i„ven«on is ab. to success«y »s. ..ces as short as 0.5 inches (and at leas, as iong as 150 .e„. 
.napes o, .he probe *s and .e prefer^ reCanguiar shape o,.he probe .ip assembly oonlribute » 
accural by precisely mimiCng .he e.ctdca,cha.c.hs..so,coa.a,s»uc.ures.A,u^elec«al 

disconnec. device permi.s rapid engagemen. and disengagemen. of .ha probe assemblies ^m .he 
robo«c ami, con»u.ng .o rapid .hroughpu.. The p.sen. inven.ion has a number o, other advantages 
over the prior art as discussed below. 

The tolling reteren^ also disease rpbo^c^s^ng sys.ems_having va^ing advan«ges and 
disadvan.ages: U.S. Pa^ntHo. COOS.rsS, .0 Mil.r et al.; u:s. Paten. No. 5,781,021, .0 «; U.a 
Pa.entNo.5,498,Oe5,.oMe,,i.U.SPa.en.Noe,„24,52e,.oS,ocume.a,.:U.S. a.en NO 

to Nor.on: U.S. Pa.ent No. 5,696,450, to Itoh; U^ Pa.n._No. ^98,964, ,o Kerscbner e. al., U.S 


-3- 


=10 


"15 


'•iU 


20 


25 


u ♦ • n <5 Patent No 5 105,147. to Karasikov et al.; U.S. Patent No. 
No. 5.469,064. to Kerschner et al.. U.S. Patent No. t.. , 

U.S. patent No. 5,043.910. to C.ba; U.S. Patent No. 4.628,464. to McConne,.; and 4,593.820, 
Antonie et al. 

symAARYOFiHEmye^m^^ 

T.e p.se„. inven^on Is o, a a— .ca. re«sCon,e,^ svs.em (an. cor^PO"*g 
p..aL..vco....a..na,p™.anaa,o..p...av,.a.e.,no„.^^^^^^^ 

L.e^.ca,.con„ec.ea.o.a„d..acte.,...es.po,n.o„a„a,ec..ca,cc.pon^^^ 
.,.e™.^...,nane..o.i.enU.esvs.a.a.«oo.p.asa.con..o..ca^ 

secon. pass^e, ... ^uenc, p.o.e as.e.M, .a.„, a .xe. no„.*s..e pitch an. e,n, 
e,ec«ca,>y connected .c .he donnain re«ec.o™.-y ~*n, and heing .oved, e,e*,ca., 
.„Jd.o,and..ao.ed.o..es.po,„.on.nee,e.*..n,pcnenUoPe..ed.,he 

wnere.,d«5re-dorna.—e..«^^ 
co.ponen. ,n ano.er-;;;;^^an., d„.,en.,a, do™. — U, .es. can .e pe*^ « 
p..e asse... co.pr.in, a second s,nai proPe and a s^nd .round proPe nav,n, a .xed non 
L,s.aP.p,.c....nep...ede.hod,.en.,.es,s.e.e.p.,sap™.asso.P,c.^^^^^^ 
lss.oP,.he,oPo«car.,.eproPeasse.Mvchan,n.s««o„co.p..n,ho,de..rap,P.^^^^^ 
Iasseles,.o,e.h...na™Po.ccon...,s.e..a.d.ec«.ne.Po*a..oac,.e.o^^^^ 
1 asse^P. chan,>n, s«on a pro.e asse^P. havln, a cor^. p:.n - .es«n, ones. po,n. oUhe 

rL:ne„.ha.n.asa.ep.K.ca.P— 

sp..raP,,en,p,oved.a.co.pr,sesaca.P«.eda..e.TPes,s.e.can.ss,..cesPav,n.aen... 

:Lnap™x,™.e.0.5.*esa„d.0,ee.s.ch.a.as.nda.de.a.ono,do..n.~^^ 
l,es..Lpedances.O.O,oP.soHess. Thop™Peassen,P,v.,n,.se,eo.ca,cP.ac.ns«os a 

r Is Ju,e. Thes,s.e.can.es.co.ponen.scon,phs.,d:.ensionso,Pe.eenapp™™ 
:ls.0.s:nohesand3e,nchesx.e.S.cPesT.™Po.ocon^^^^ 
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,or ..e elecoa, ocponen.. The sys.. r^ords ..psdance and propa,a.on d.a, and ca,c.a.es 
dielectric constant for each test point of the electrical component. 

T.e inven«on . also of a probe asse*^ Changing statin for a robot, donnain re.ecton,etr, test 
s,s,e. ,and ^.bod,, w*b cban^g s.t.n Is accessible by a robo«c arn, of.be system, tba probe 
assembly cbangin, staSon comprising bclders for a plurality of pa^ive, bigb frequency probe 
assemblies af«xable to an end o, tbe ™bot. arm and .om wblcb tbe robo«c am, can w«hou, buman 
intervention af.x any of tbe plurality of probe assembles. In tbe preferred embedment, ea* of be 
probe assemblies composes a passive, bigb frequency probe as^mb, comprising a s,nal probe and 
ground probe having a fixed, non-adjustable pitch. 

The inven*n is additional^ of a robotic domain reflec«.men test system (and co.esponding 
™^od, comprising: differentia, domain reflectome^ inst.menta.ion; at .as. one robotic am,; and t«o 
passive, b,h frequency probe assemblies each composing a signal probe, each tbe probe assembly 
pelng electro,, connected to tbe differential domain re.eotome.ry insUumen«on, and being mcv«., 
electdcally connected .o, and re.racted .om test points on an e^nca, component to be .es.ed by .be a. 
least one robotic arm. In one embodimen,, ^e a. least one rob* arm composes a single robot, arm 
bo*g bom .be p^be assemblies, in another embodiment, the a. ieas. one robotic am, compdses ««o 
robo^c am,s each holding one of.be p.be assemblies. In one embodimen., a. least one o, *e pro e 
assemblies addi«ona„y compdses a ground probe baying a «xed, non.diustabie pitch w«h respect to 
the slgna, probe on me a. leas, one o, .he probe assemblies. In anCber embodiment bom o, .he probe 
assembles additionally compnse a ground probe having a fixed, non-adiustable pitch. 

The lnven..n is fu.her of a roboUc domain re^eCon..^ .est system (and corresponding memod, 
comprising; domain — e«v ins.run.n.a..n; a rcbo«c arm; a passive, high frequency probe 
assemb, comprising a signal probe and a ground probe, me probe assemb, being eiecthcally 
connected .o tbe domain re^eComeby lns.™men.a.ion, and being moved, e^ically connected to. 
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■ ■ „n=nt tn be tested by the robotic arm; and components 
retracted from test points on an electrical component to be tested oy 

a dielactric constant for each test of the test points. 

The invention is aiso of a rcbCc domain re«eCc™t. test systen, (and co^sponding n^thod, 
co.pns,n,: do^in *=ton«t. ins.™.e„ta«on: a r^«c at. and a passive, hi,h ^.ncv pto. 
„ comprising a signai pn,he and a .round prohe. the prc.e assemh. ^Ing eiectnca , 
lecJdtothedon^in renins— n.andhein,r„oved,e,ectr.,,,conn..e^^^ 

..racted fro. test points on an eieCrtca, component to Pe tested Py the roPot. am,; and whe.. . 
,.emcantes.traceshavin,a,en.tho,Petwee„approximate,y0.5inchesand,50,eets„ch,ha.a 

standard devia«on o, domain — et^ .est result impedances is 0.03 ohms or iess. 

The inven«on . additionaii, cf a robo.c dentin ref^Co^try test system (and corresponding 
method, comprising: domain .«ectomet. ins.n.menta«cn: a roPo.c am„; a pass.e, high frequency 
, p„heasemP,ycompns,ngasig„a,p™PeandagroundprcPe,theproPeassemP,yhe,nge,^nc.^^^ 
connectedtothedomain.nectomet.inst— cn,andheingmoved,e.o.nca.yconnectedto,and 

; .tracted ^m test points on en e,ect«ca, component to he tested hy the roPo«c arm; and a 

1 caiihration— n station accessiPie hy the roPo«c an. and compdsing a caiiPrated a,d,ne. in 

! p^fened en*odin«nt, the CiPrated aidine is a 28 ohm or ^ ohm NiST calibrated airline. 

A pnmar, oh,ect of the present invention is to provide a rcPotic domain re«ectome.. system v.«h 

high accuracy. 

Mo^erohiectofthe present inven«on is to provldeasystemtnatcanmove^om test polntto 

25 test point rapidly. 

A pnmary advantage o, the p^sent invention is that » can prcv.e a«ura,e and repeataPie 
don^in re^ectome^ tests o, traces of length Pe«.een O.S inches and 1 .0 feet ,or more,. 


aher Clecs. advantages and novel features, and ,a*er scope o. app.cabi,«y o, me present 
invention wi. be set forth in part in the detail de.rip,on to ,0,^, taken ,n conionCon w«h the 
accompanying dra..ngs, and in pa« w,„ becce apparent to those s«,ed in the art upon exanninat^n o, 
.he«ov,ing,or.a,be,earnedb,prac«ceo,the,nven.on. The objects and advantages 0., he 
,„ven«on may be reaped and attained by means o, the ,„s„umeh,a,i«es and combina^ons par*c„,ady 
pointed out in the appended claims. 

RRIFF DESCRIPT '^M OF THE DRAWINGS 
The accompanying drawings, which are incorpo^ted into and form a part Cthe speci«oaton, 
iiiustrate seve^i embodiments o, the present inven..n and. together - the description, serve .0 


Fig. 1 is a block diagram 
invention; 


of the preferred robotic domain reflectometry testing apparatus of the 


Fig. 2 is a perspeCh-e view of the measurement robot assembly of the apparatus of Ffe, 1 ; 
Figs. 3 is an exploded vtew of the preferred probe tip assembly otthe invenfcn; 

Figs 4(aHe) are side and perspecSve views of the preferred s^nal probe assembly of the 
present invention, and s«e, ..nt. and top views of ^e preferred s,nal probe tip of the present Inven^on; 

Figs 6(a,-(d) a. perspect^e, top. and two cross-s^on views of the preferred ground nib 
assemb^ ofthe p^nt invent^n used in ooniuncUoh w«h the signal probe assemb^, of Figs, 4,aHd,; 
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F,9. 6 -,3 a .op vi«. 0, .he . robo. assembl, showing placemen, o. .he pro^ * 

Changer assembly of the invention; 

P,nsaperspeo«ve View o,.hero«arr„ahou..oen,a,eap,ohe*asse...„probe«p ana 

6 ground nib not shown) stored in «,a probe Up changer assembly; 

Pig^ S ,s a pe^pec^e view o, .he .bo. arm having engaged a probe .ip assembly stored in ^e 
probe tip changer assembly; 
^„ .19- 9 is a perspecuve view o.the robot arm having ex.,aCed a probe .ip assemb, .rom the 

5 probe tip changer assembly; 



Fig. 10 is a perspective view of the 
probe tip changer assembly area; and 


rot 


r^m after having removed a probe tip assembly from the 


20 


25 


ng. 11 IS a Side v,e^calib,a.on/ved,cat.n assembly employing a NIST calibrated air line. 


nPSCRIPTION OF THP PREFERRED EMBODMINTS 
(BESnflODiSFORCARRYl^^ 
The present invention is o, an automated domain re.ec«>ma.ry system and method tor tes«ng 
elecical componen.s. such as traces in a printed circuit board fPCB"). For pu^oses ofthe 
^«ca«onandc.lms..doma,n,e,ec.omenM-.n--estes.a.asingle.^^ 
rLdomainre,ec.ome..r™.anda.mu,..p,e^uencies,thedev,oes.rwh.hareKnown,n 

the art as network analyzers. 

P,g 1 itiustrales the preferred embodimen. otme robo.. domain re.ec.ome«. .s.,ng sys.m 1. 
o, .he inven.ion, bu. F,. 1 Is no. intended to apply any pa*ular spa« re*nshlp be.»een «ie 

mbot assembly 12. calibration/verification staSon 14 
c;omponenB. The system includes measuremen.robo. assembly , 
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ca™« 16, DR P-obe assemb^ «, 0<^^^ changing asse-nb^ 20. robcV=on.ro„er ln«.ace 22. DR 
ins,™menta«o„ 24. vision s,s,en, 26:;ision Inte^ce 28. DR i„s.™me«on.o,,er interface 30. 
system conWIer 32 composing database 34 and graphical user interface rOUr) 36. 
con^,ler/™nu.ac,u.ng plant interface 38, barcode/ccntroiler Interface 40. ntarf<lng system/controiler 
interface 42. materia, handling system 44 (may be manual or automated, such as a conveyor system,, 
making system 46, and barcode reader 46. Fig. 2 shov.s the measurement robot area 12 o. the 
invenfion (w«hou, calibrat^n/vehfica«on sta«on). Including probe tip changer assembly 20. roboho am, 
assembV 60. teshng platform 62. board/panel clamping system 54. probe «p assembly holder 66. and 


camera 58. 


iu 

1 Thep^n,inven«onlsdesignedto,owerthecostandmaxim.e.hathroughputof.hedoma,n 

=3 renectometrv measurement process. E,ec,ron.s products are being designed ««t higher signa, speeds 

1 andthemanu,ac.uredp™ductmustbebu,.toh,her.*rancesandbeneriua„ty. Exam^es of this are 
? RAMBUS products that have required PCB designers to u«,ize PCB traces with io»er impedance ,28 
\ oh^ as compared ,0 the tradfcna, 50-100 ohm drcui, board traces,. The standard ten percent ,10%, 

manufacturing tolerances on «ie trace impedance becomes more difficult to meet at this lower 

2 impedance tolerance . */-2.8 oh^,. in order to meet «* m — . 100% cont^iled impedance 
»0 ^,„g is done on all new PCBs with RAMBUS technology to ensure the quality of the manufactured 
a p^uct The,argenumberofPCn«.herboardsandmemo^mcdu,eswhichareproducedtosa.sfy 

20 wodd demand dict^es the need for automated DR measurement equipment to Keep down the c^t o, 
these tests. Th^ughpu. requi^ments and accu^cy/repeatability of the process are also benefits of an 
automated process. Tests of »,e system of the invenfion according to a Gauge Repeatability and 
Reprodudbility ,-Gauge R&R", study specified by RAMBUS and inte, Corporation show «,e system to 
have a standard devia«on of at most 0.03 ohrr«. showing high accuracy,repeatab„ity charac,erls.cs o, 

25 the system of the invention . 

Manual DR probing induces error in the measurement process. The current enror window of pdor 
arf TDR insthiments and «te manual probing process lim»s the measurements to be taKen to longer 
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.races (longer than aCua^rea, tength RAMBUS .races found on a memon, n,odu,e or motherboard). 
These longer .races are .end on -.es, coupons" which are manufac^red along sida me ac.ua, board. 
These coupons co„«n longer -aces (e.g., six Inches, 22 inches, and contain larger .est poinu (greater 
pitch between ground and pin) to ,acl,«a.e the manual measurement process. These coupons In Ctlca, 
high to^rance manutaotunng process ma, no, re,eo. «,e quali., ottraoes on the actual product due to 
difference in the p^cess equipment. Addl«onaily these coupons add cos, (matenai and process,ng 
costs) and reduce ,hroughpu, capacity. The accuracy o,.he robot posHlonIng wlli allow DR probes to 
contact smaller geometry's associated with the actial boaMs and the reduction o, some of the 
measurement error (.hat due to hand probing) wlil allow DR measurements to be taKen on small trace 
fengths (those assodated w«h the actual product). This allows ellmlnaUon Ctes. coupons and saves 
cost, and impmves ,es«ng accuracy as boards actual^ ,0 be del^ered to end customers may be tested, 
not just coupons. 

The present invention can perform DR testing on traces as short as approximately 0.5 Inches and 
as long as approximately 150 feet or even higher. For TDR. the InvenSon provides a TOR nsetime o, 
approximate,, 32 psec and a failtlme o, approximate,, 53 psec. Test speed is be«,een approximate. , 

to 4 seconds per test point. 

Products to be tested will typicall, exist in one of the t»o following conflgurahons: (1) a panel 
consls,lng of several small boards attached together, such as 6-8 memor, modules boards or 1-2 
motherboards on one panel; and (2) a single bare board (I.e., PC motherboard, memor, module, 
memo^ tower board, etc.). The present invention can handle ve^ small products to very large products, 
such as from approximately 5.25 by 0.5 inches to approximately 36 by 28.5 Inches. 

sampling heads wWh DR Instrumentation a« extremely sensitive to high voltage typical In stat. 
cha^e These high voltage charges ma, either permanenti, disable the measurement system or reduce 
the capabillt, to acuratei, measure. The PWB boards or test coupons will gather sMc charge dunng 
the manufacurlng proves. rou«ne handling, and dudng s.c,age. This s* charge mus. be e,lm,na.ed 
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prior to the connection of the probe assembly to the boards test points. A grounding mechanism to 
discharge boards and ionization guns or fixed wands dispensing polarized air can be used. 

The preferred embodiment of the invention employs single ended DR probing using a probe with 
a fixed, non-adjustable pitch (distance from signal pin to ground pin). This technique involves the use of 
a single probe mechanism which contains a single signal and ground pair of connections between the 
DR instrument and the board under test. In this testing approach the DR instrument injects the test pulse 
into a circuit trace at the test point interface and then measures the reflected waveform at the same test 
point as well as. preferably, the time delay between the signal and reception of the reflected wavefomi. 
Therefore, in this testing scenario there is a single DR probe (which contains a signal pin and a ground 
pin a fixed distance apart) mounted on a single moving robotic arm. 

The components of the preferred probe tip assemblies of the invention are shown in Figs. 3. 
4(a)-(e). and 5(a)-(d) which show the preferred but illustrative dimensions. Fig. 3 shows the components 
of the probe tip assembly which is comprised of the following: signal probe tip assembly 100 with two 
brass mounting screws 401 ; ground probe tip assembly 110 (preferably made of brass) with two brass 
mounting screws 402; probe assembly body bracket 400 (preferably made of brass); and two non- 
conductive bushings 212. 

Figs. 4(a) and (b) show the preferred signal probe tip assembly 100, comprising a coaxial cable 
interface 109 which mates with a corresponding connector electrically connected back through the 
robotic arm to the testing instrumentation by coaxial cable and male/female connectors. The coaxial 
connector's ground is electrically connected to the ground flange 102, and with the probe assembly body 
backet 400 through physical connection and through the two brass mounting screws 401 and thus with 
ground sleeve 110 through its mounting onto the probe assembly body bracket 400 with the two brass 
mounting screws 402. The coaxial connector's signal is electrically connected with signal probe tip 104, 
which is insulated from the ground flange 102. The probe assembly body bracket 400. has support holes 
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„«h can be engage, by non^onductlve bushings 212 to physical,, support .he probe «p assembly. 
The preferred shape of signal probe tip 104 is shown in Figs. 4{cHe). 

Turning no»to Figs. 5(aHd), these sho« conduoti»e ground nib assembly 110. v*iob in use is 
5 physical connected with the probe assembly body bracket 400 such that base plate 116 is phys^lly 
and electrically connected to probe assembly body bracket 400, creating a conductive ground path 
through Sleeve 11210 ground nib/tIp 114. The dimensions of the assemblies 100 and 110 are arranged 
so that both nib 114 and s«nal probe tip 104 preferably protrude from sleeve 112 by the same distance. 
Altemativeh,, signal pr^be tip 104 can be longer in order to permit it to be compliant when contacting a 
10 board under test- 

:l Assemblies 100 and 110 are configured so that by placing the nib 114 at any point on steeve 112 

retains electrical piopert^s of the combined assembly such that a coaxial structure is mimicked despite 
Changes in distance (p«ch, be^»een nib 114 and signal probe dp 104. Preferably, the conductive 

^15 portions of the assemblies are copper. 

S Turning to Figs. 6-10, the preferred embodiment of the invention comprises probe tip changer 

^ assembly 20 in Figs. 6-10, an assembly comprising three stations 202 is shown, but a single assembly 
S having any number of stations, or two or more assemblies (each with any number of stations) may be 
20 incorporated into the system with ease. Preferably the probe tip changer assembly or assemblies are 
located at an edge of testing platform 52, as shown in Fig. 6. 

The probe changer system 20 provides the ability for various fixed-pitch probes (single-ended, 
differential, etc.. of varying pitch or combinations of pitch) to be automatically changed onto the robot 
25 system's test head. The probe changer system preferably comprises the following items: 

Probe Stand. Referring to Fig. 7. Probe stand 218 preferably comprises three slots or 
stations 202 to hold up to three probe holder assemblies 206 at a time for automatic pick-up by the 
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robotic system. Each slot is monitored for the presence of a probe holder assembly. In the preferred 
embodiment, up to two (2) tool stands (for a total of six probe assemblies) are mounted in the robot area. 
(An alternative approach is to have a carousel holding many probe assemblies. This carousel would be 
rotated into a position where the robot system test head would be pick-up the needed probe assembly, 
5 The carousel would be computer controlled and use motor/encoder system.) 

Probe Changer - Robot Side. The robot probe changer 204 is fixed to the end of the robot arm 
and allows the robot to automatically pick up a variety of probe assemblies. It contains all of the 
necessary electrical hook-ups including high frequency coaxial quick disconnect 210 and a tool ^ 
10 identificationsystemwhichcanidentifywhichprobetherobotcurrentlyisutilizing(notshown). For^ \^ 

f differentialDR.asecondhighfrequencycoaxialquickdisconnectcanbeempl^^ ; ^ 

5 tf;;^;st on the other sldeof robot pr^ changer 204^The preferred quick disconnect device is the 
1 Q^3.5mm™ connector (8006Q1 Guide Sleeve) device by Maury Microwave Corporation. 
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Probe Changer - Probe Side. The probe holder assemblies 206 are designed to hold distinct 
combinations of signal probe tip assemblies 100 and ground nib assemblies 110. For example, 
assembly combinations having six different pitches can be connected to six probe holder assemblies 206 
via non-conductive bushings 212 in a system having two three-station probe stands 218. Each probe 
holder assembly preferably comprises coaxial connector 214 which mates with high frequency coaxial 
quick disconnect 210. For differential DR, a second coaxial connector 216 connects with the second 
high frequency coaxial quick^nnect (not show^). Clamp 208 is provided to secure a combination 

probe tip assembly 100 and ground nib assembly 110, together with non-conductive 
bushings 212. A coaxial cable (not shown) (or two for differential DR) in the bottom of each probe holder 
assembly 206 connects to the coaxial connector to the signal probe tip assembly 100. 

The present invention can also perform differentialDRprobi^.gj.hicli involves the use of two 
separateWobes (each preferably with a fixeTpii^h ground pin^and^a signal pin). One probe is 
p^^d o7 alest trace a^n^I^st pulse is"^jected. The second probe is placed on a trace which is routed 
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in the physical vicinity of the first (typical with PCB functions that involve differential signal 
communications). The second probe also injects a test pulse. Both output edges must be phase 
aligned The resultant impedance (combined value of both traces) is then measured and recorded, as 
well as preferably the time delays involved. Alternatively, one passive high frequency probe assembly 
can have a signal probe and the other both signal and ground, or both assemblies can have only a signal 
probe and no ground probe. The reduction of the number of ground probes in these two alternative 
embodiments produce lower accuracy results than the preferred embodiment. 

Differential DRprobing fiest couponVcan be accomplished with one (1 ) independently moving 
arm on th^i^^^The test coupons are typically designed so the two separate test points for the 
dl^ren^al traces are side by side and are spaced at equal distances. This allows the use of a single arm 
moving a special probe assembly that contains two^(2) probe m^hanism^.^ 

Differential DR probin^on print/wiring board (TWB^')^cards. as opposed to test coupons, 
sometimes dictates the need foVj/i) independently moving arms as part of the robot. Each arm 
holds a Single probe mechan^ln this manner the system can independently place each of the two 
probes as required to carry/ut the differential TDR testing. 

The DR instrumentation should be mounted as close as possible to the Z-axis probe assembly. A 
flexible platform to allow for the DR instrumentation and accessories is preferably provided. Although 
most of the DR instrumentation control and monitoring will be done remote from the Operators Console, 
front panel DR instrument displays and controls should be accessible/viewable by the operator during 
normal equipment operations. This requires the instrument to be at uncovered, at eye level or below and 
mounted near the perimeter of the equipment to facilitate easy operator control/viewing. 

For TDR, the preferred instrumentation is a Tektronix TDS8000 or 1 1 800 series with SD24 TDR 
module or a Hewlett-Packard HP54750A with HP54754 TDR module, which have distinct mechanical 
connection and hardware interface requirements, as understood by one of ordinary skill in the art. The 
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operator's Station then provides direct access to the instrument suppliers emulation package within the 
equipment's operating software. This control allows troubleshooting and manual setup of the instrument 
if desired by the operator or set-up personnel. 

The equipment operator preferably manually loads panels into the equipment. This loading 
process should be simple (non-precision placement of panel) and should be quick to accomplish. This is 
preferably done by a foot-operated clamping system that leaves both hands free and that keeps the 
panel raised so that the bottom side is exposed only to air and is not contacting a surface below. The 
preferred holder has pneumatic foot pedals that control the opening and closing of the holders moving 
clamp. The operator simply places a board onto the bed of the holder and then closes the holder's 
moving clamp. The holder will simultaneously lift the board off the holder bed (leaving an air gap below 
the board) and clamp the board firmly and repeatably in place for testing. Alternatively, an automated 
system (such as a conveyor system) may be employed to load and unload panels. This alternative is 
attractive where large quantities of a single type of panel are being tested. A buffer time is set sufficient 
to allow time for the operator to load and unload panels without causing the equipment to stop 
processing boards. Processing time for a panel (board) with only one measurement point can be as 
small as six seconds. Typical total process time is approximately 15-20 sees. 

The present invention is able to quickly set up testing for all types of panels. All the necessary 
information about the specific board (panel) characteristics is preferably imported from a panel's 
CAD/CAM files using the IPC file format. A detailed description of this data format can be found in the 
,PC document IPC-D-356. "Bare Substrate Electrical Test Data Format". Alternately, a vision system 
can be utilized to learn all the necessary characteristics of the board in order to probe it. 

CAD information which the robot of the invention needs may come from several sources (different 
CAD packages. Gerber packages, etc.). The system software imports multiple files to retrieve the data 
that it needs to define the robot probing (as long as each file complies with the IPC file format). A typical 
example of this would be that one file will contain the basic netlist information from the design CAD 
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package outputs (i.e., Net name, reference designator, etc.) and a second file will contain the conductor 
segment data from the manufacturing CAM package outputs (i.e., trace size, layer, aperture, drill file, 
etc.) 

The IPC format breaks the board data into sets with an "Op Code" label. The system software 
uses these labels to know what data type is being presented next in the file. 

op Code#099 is a list of the minimum data set which should be supplied to enable the robotic 
system of the invention to function. This minimum data should include all nets which could be probed 
including all grounds which will be used for the DR measurements. Items supplied are Signal Name. 
Side Access, Probe Point X,Y Data, and Z Data information. 

Op Code#317 or 327 may be employed if test points are not defined and are not available within 
the IPC file format. The robotic system software can import the listed net list data which will define all 
available geometry on the board. Items supplied are Net Name. Component Reference Designator (Via, 
U34 8 TP123), Middle of Network Flag, Hole Diameter. Plated or Unplated Throughhole, Primary or 
Seconda^ Side Access. X, Y Location of Centriod of Feature. Size of Feature (X, Y, and Rotation), and 
Presence of Solder mask. 


20 op Code#389 provides the Board Dimensional Outline or the Panel Dimensional Outline, if a 

panel is to be tested. 

op Co<le#390 allows for the Inclusion of the controlled Impedance design specifications to be 
output f^m design to the manufacturing test system. Items supplied are Layer Number, X. Y LooaSon of 
25 Feature, X,Y Dimension of Feature S^e, Signal Name, Expected Impedance Value in Ohms. Expected 
High Test Value, Expected Low Test Value, and Single Ended or Differential Measurement 
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Op Code#090 allows for the inclusion of differential controlled impedance design specifications to 
be output from design to the manufacturing test system. This data refers to the reference trace used 
during differential DR. Items supplied are Layer Number, X. Y Location of Feature. X,Y Dimension of 
Feature Size, and Signal Name. 

5 

Op Code#378 contains information available from the CAM systems and contains the typical 
Gerber photoplot data. Items supplied are Net Name, Conductor Layer Number. Aperture Size, and 
Trace X,Y Coordinates. 

10 Op Code#309 contains panel information which defines the X,Y offsets that are needed to tell the 

fl robot where the individual boards are within the panel. Items supplied are Panel Image Mirrored, Panel 
''i Image Rotated, and X. Y Offsets from Primary Image. 

1 The imported data sets can be manipulated inside a database (individual records updated or 

i entire fields changed) through the use of graphical user interface (GUI) screens that provide easy 
h access to the data records in the database. Typical changes to the database records are as follows: 

1) Complete definition of the test points (i.e.. just test 12 points); 

2) Reducing the number of test points; 

?0 3) Manual data input of controlled impedance information; 

20 4) Manual data input of panel offset information; and 

5) Selection of all test points which are tied to traces which are 3" or shorter (or any other desired 

length). 

The system software preferably displays a graphical representation of the board (panel) using the 
25 data imported and present in the database. The operator can select the type of data that will be 

displayed. The graphical display preferably can include the following data: all test points; all test points 
and their associated traces; all test points and associated traces where differential controlled impedance 
testing is indicated (how the test points are matched in pairs are shown); panel and individual boards; 
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fidicuals; and all nets. The manual selection of test points can be conducted using the graphical display 
by clicking on a selected via and the via will be flagged as a Test Point. 

A routine preferably automatically scans the imported data and selects the appropriate ground 
point for the DR probe. This selection will be based on the pitch capability of the set of fixed pitch probes 
available to the system of the invention and will identify the orientation of the signal-ground pair. A 
routine automatically scans the test points selected in the database and organizes them in a sequence 
that optimizes the robot's mechanical movements. The starting point is preferably the robot's identified 
mechanical zero. 

The present invention preferably includes a vision system to maintain proper orientation of the 
robot. A GUI screen allows the setup technician to teach the robot where the fiducial(s) will be during the 
process of board-to-robot orientation. Local Fiducials can be identified within a board or within a panel to 
ensure that a board section within a larger board (or board within a panel) is orientated properly. 

The operator through a GUI screen will select an appropriate data file which corresponds to the 
board which is to be run (alternately this will be done by the system through vision and/or a board code 
reader). This file preferably contains the following data: XY Coordinate data; DR test parameters; and 
fiducial locations. 


An operations manager preferably has access to display screens which will detail the operations 
of the equipment. For example, the following reports should be provided: summary of last 500 boards 
run with serial numbers and data result; summary list of fatal errors, equipment process time, equipment 
operations log; and summary of the board throughput over the last hour, last 8 hours, last 24 hours, last 
25 7 days and since the last operator change (shift change), and the like. The data which is available on 
the operators station display screens is preferably available across an interface to a plant computer. 
This interface should ideally be Ethernet and utilize the protocols of the plant's computer system. 


-18- 

The following is a basic sequence of steps in the operations of the equipment. 

1) Operator places board onto system and clamps in place. 

2) Operator enters the part number and serial number (if available) of the board into the systems 
GUI or altemately this is automatically detemnined by the system's vision system/bar code reader. 

3) The robot moves the camera to the location of the fiducials and precisely locates the board 
position with the image processing data and adjusts the robotic movement accordingly. 

4) The robot then moves to the first test point. 

5) The robot engages onto the first Test Point on the board. 

6) A DR measurement is taken and stored (with serialized data if acquired previously). 

7) The robot moves to the second and subsequent test points and repeats the measurement 
process. 

8) Upon completion of the measurements, the robot retracts and moves to the starting location. 

9) The board is undamped and removed and the process repeated for the next board. 

For TDR in particular, the present invention's primary function is to collect impedance values, in 
ohms, for each test point that it is instructed to move to. Multiple tests can be conducted at each test 
point, such as three. Preferably, time delay values are collected as well, which information permits a 
computation of a dielectric constant. 

The following data is preferably stored in a local database for each test point: board name, board 
serial number, test point serial number, low (ohms), mean (ohms), high (ohms), propagation delay 
(psec), and test pass/fail. This data can be viewed locally at the Operators Station, printed out from the 
Operators Station, or transfered to a remote computer through either standard file transfer protocols or 
through a SPC system. 

The operator can interrupt standard operations of the equipment and request an immediate 
instrument calibration through the use of a Instrumentation Self-Calibration menu command. Altemately 
the operator can setup a time interval (or number of measurements) between instrument calibration. The 
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setup is accomplished on an Instrumentation Self-Calibration menu command display. Referring to 
Fig. 11, the preferred calibration/verification station 14 comprises a resistive standard 302 (such as ; 
NIST 50 or 28 ohm airline) which is mounted in a fixture located within the probing envelope of the robot. 
This airline is mounted in such a configuration to allow the probe assembly to engage onto it and make 
5 the appropriate physical connection to allow a calibration measurement to be taken. Significant 
measured deviation is flagged as an error or small measured deviation is recorded and used to 
normalize future data until the next calibration. 

The operators station should continuously update a display screen which reports the progress of 
1 0 the processing. Information such as the following should be available: 
'^i Process monitoring display screen 

'H Current test point test result (in ohms) 

|S Current board test results (in ohms) 

O Number of boards in loading buffer (if automatic loading/unloading used) 

Go/No-go parameter (ohms) 
Board Serial Number (if available) 
fj_ Board Tag (Name) 

'in Time and Date 

Time since last Instrumentation calibration 
20 Error Boxes (Fatal-Requires Operator Intervention) 

Load Buffer Empty (if automatic loading/unloading used) 
Unload Buffer Full (if automatic loading/unloading used) 
Instrument Not Reading - Check Probe Assembly and Instrument 
Conveyor Stopped, Board Jam - Clear Jam from Conveyor 
Probe Outside Calibration Tolerance - Check Probe Assembly 
Robot Failed to Reach Desired Target - Check robot and Reset 
Instrument Not Responding - Check Instrument and Interface and Reset Interface 
Error Boxes (Warning) 
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Board (Serial #) Measurement outside Tolerance - Board Tested Bad 
Board Orientation Not Correct - Board Not Tested 

A live camera image of the probe contacting the board is preferably provided on a video monitor. 
This image will allow the operator to confirm that probing is in process and allows the operator to visually 
inspect the mechanical placement of the robotic head in real time. The imaged display could alternately 
be the fiducial finding camera assembly. 

If panels consist of multiple boards and there are more that one measurement per board, 
throughput can be increased by fixing two or three probes on the robot end of arm, although use of 
multiple probes is not preferred. 


I Ther^ are preferably at least two (2) emergency stop controls located strategically around the 

1 equipment to allow immediate stopping of the equipment. These controls should initiate the emergency 
% stop at the hardware level (direct hardware input into the robot controller). 

.-S J. 

2 The robot assembly employed must quickly, accurately and repeatability move the DR Probe 
i Assembly(s) onto the board under test, which are within the skill of one of ordinary skill in the art. The 
1 robot will make anywhere from one (1 ) to twenty-five (25) (or more) moves per board and will also be 
20 required to move to a calibration/verification station upon operator command or at the completion of a 

predefined number of cycles. The robot moves can be characterized as follows: 

1) X, Y, Z and Theta movement. 

2) Point-to-point. 

3) index to position over board under test (board is flat) and engage probe assembly down onto 

25 board. 

4) working envelope includes moving the probe assembly onto boards with a maximum 
dimension of 38" x 28"; a home position, a calibration/verification station position. 
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5) The point to point total move time is preferably 0,3 sees or less for a linear move of 1 2" and 

including extend/retract from board. 

6) Repeatability is preferably within */- 0 01 mm (*/- 0,0004 inches) in X. Y, and Z. 

The preferred robot assemb^ comprises a four-axis rct>ct that provides for rotation of the probe 
assembly to allow tesSng of all orienta^ons o, test pads. A worKing envelope o, 1000mm (39.3 inches, . 
750mm (29.6 inches) is prefen^d w«h 360 degree rotation and extend/retract capability of 225mm (8.9 
inches) A travel veloc»y of at leas. 65 inches/sec Is preferred. A honzontal mounting is preferred to 
allow easier manual loading/unloading of boards to be tested. Such a configuratK=n also permits 
inclusion of the standard Surface Mount Equipment Manufacture. Association ("SMEMA") conveyer 
standard interface to allow third party automatic load/unload equipment to be Incorporated. 

When a board under test contains serialized data, this data should be read from the board and 
stored The physical read head locafion should be con«gurable tc allow the reading of bar codes that 
™, be located in vanous pos«K,ns on the pane, (board) under test Ultimate^, the data will be available 
,0 operators Station for transfer to a use.s Statist P^cess Control (SPC) system. The bar ooda 
scanner preferably has an RS-232 interface and sends raw alphanumeric data followed by a <CR>. 
Conventonal laser pattern scanners allow reading of a bar code ^bel that ,s placed a. any angle (0-90 
degrees) and within an eight (S") Inch radius. 

optional^, a maddng system can be incorporated into the system whereby each individual good 
board (boa^ could be In panel fomi) will be marked -good- in a manner suitable to the manufacturer. 

The DR probe assembly of the invention Includes all components from the DR module to the 
25 probe «p. This assembly is designed to maximize measurement accuracy. Preferably, the assembS, 
includes me Mowing: ,1, h«h-frequency connectors (SM^ SMC, 3,5 mm); (2) semi-rigid c^xlal cable; 
and (3) multiple fixed-pitch probe/ground assemblies (determined by the spacing of the test pads on the 
board under test) such as a set of three having 0,1 OO". O.OSO". 0,025- pitches. 


■is 
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The system ConWe. Is preferaM, a V«ndo«s based PC (98 or NT) o, Char computer and 
provides ttte following .unCionall,,: (1) Graphical User Interfaces (GUIs, for both operator and 
confisuration and maintenance functions; (2) Equipment Oont^ter; and (3) interface to the use.s 
Statistical Process Control (SPC, system to pass test resu«s (senalLed or unsenaiized,^ The Eoulpment 
controller preferably Includes the following hardware. In addition to has', components of a network 
sen,er (1) GPIB or HP-IB caM or the IlKe to Intertace to DP instrumentation; (2, Interface ha,<iware to 
facilitate communications to the use.s SPC system; and ,3, an optional Touch Screen Display for baSiC 
operator ..ncSons. The Con^ller Software preferab^ Includes: Database fu„c«cns to store and 
retheve board XY and impedance data flies; (2) Database ^nCons to store and retrieve test results; (3, 
opsonal Bar Code Reader software with PS.232 interface; (4) optional Marking System (marks board 
With good/bad deslgnatois); (5, interface to Measurement Instrumentaflcn; (6, Interface to users SPC 
system to ^nsfer test resuKs; ,7) Operator Controls interfaces, such as for a) sanction of number of 
equipment measuren^nt cycles before re^allbratlon of the OR measurement system, b, selection from 
stored database of board type to be run, o) Emergency Stop controls, d, Bar Code Reader active or not, 
and e) Marking System active or not; and (8) Configuration and Maintenance Controls interfaces, such 
as tor a) data entry Into database of board informa«on, b) Teach/Calibration of robot to board location, 
and c) Home (Re-initialize) Robot. 

Although the invention has been described in detail w«n particular reference to these preferred 
embodiments, other embodiments can achieve the same resu»s. Vanaflcns and mod^ions of the 
pre^nt invents ..II be obvious to those silled In the art and It is intended to cover in the appended 
Claims all such mod^caflons and equivalents. The entire disclosures of all refeiences, applications, 
patents, and publications cited above are hereby Incorporated by reference. 


